INTRODUCTION
In the October 2015 CCR Focus, Bates et al examined numerous new and emerging opportunities and challenges in our drug development system and noted that "perhaps most challenging and important of all are the difficulties with clinical trial accrual that can prevent study completion (1) ." Inadequate accrual hampers our ability to complete important scientific trials in a timely fashion (2) , and potentially diverts both patients and limited financial resources to studies that are unable to meet their primary scientific objective (3, 4) . Working to ensure trials accrue an adequate number of patients in a timely manner is a priority in cancer research (5, 6) , and particularly in early phase trials (7) . This paper presents the findings from a review of slow accruing, early phase National Cancer Institute (NCI) clinical trials (Phases 1 and 2) to identify reasons for slow accrual and proposed actions to improve their accrual rate.
Accrual planning has been a persistent challenge to the modern clinical trials system (8, 9) . Despite acknowledging a lack of sufficient planning almost 30 years ago, Kost et al reported in 2014 a continued lack of routine pre-study planning and ongoing monitoring to ensure adequate accrual (10, 11). At a 2014 NCI two-day meeting focused on improving accrual to late phase cancer clinical trials, several potential barriers were highlighted (see Box 1); among these it was noted that a major systems-level challenge to accrual planning in cancer clinical trials may be unrealistic optimism, in that investigators assume their idea is scientifically important, and hence the clinical trial will successfully accrue (12) . As a result, investigators may overestimate the availability of eligible patients and underestimate the challenges in actually accruing those patients. A recent analysis found that greater accrual competition, in the form of more trials in the same disease setting, and fewer available patients were significant predictors of low accrual Author Manuscript Published OnlineFirst on July 11, 2016; DOI: 10.1158/1078-0432.CCR- in NCI group trials (13) . A more feasible method of estimating the number of patients eligible, able, and potentially willing to participate in any given trial is needed.
Recent analyses of ClinicalTrials.gov data have found that slow accrual is a challenge for both industry-funded and publicly funded trials (3, (14) (15) (16) . However, our understanding of early phase trials' accrual is still limited by the fact that Phase 1 trials are not required to register on ClinicalTrials.gov (17) . More in-depth analyses of cross-trial accrual have been possible for NCI trials, although most have looked at later-phase trials (18, 18) . A review of NCI non-pediatric phase 3 cancer treatment trials activated from 2000 to 2007 found that 26.7% had less than 90% of projected accrual because of inadequate accrual rates and 2.0% of all patients (n=2, 930) accrued in that time frame were on trials that had inadequate accrual (20) .
Research exploring accrual challenges, specifically in early phase trials, has been limited and largely focused on the experience of trials accruing at a single site. However, a common theme is the challenge of administrative processes around early phase trials, which have been linked to lower patient referral (21) and higher cost per enrollment when evaluating patients for Phase 1 trials (22). Another challenge facing early phase trial accrual is the determination of the eligibility criteria, which require balancing the need to maximize safety in vulnerable patient populations without jeopardizing trial success by being overly selective (23) (24) (25) . More broadly, when researchers compared early and late phase trials in ClinicalTrials.gov, they found that Phase 2 trials were significantly more likely than Phase 3 trials to have inadequate accrual (3); furthermore, single-center trials were significantly more likely than multi-center trials to fail to complete (15) .
Within NCI, much work has been done in the past decade to streamline its early phase clinical trial systems and processes with the goal of improved access to innovative therapies, (2) . CTEP believed that requesting a CAP could improve the accrual rate and reduce the likelihood that the trial will fail overall. To initiate a CAP, CTEP conducts quarterly reviews of its Phase 1 and 2 trials where CTEP is the holder of the Investigational New Drug (IND) and identifies trials that are accruing less than 50% of their projected accrual rate after Quarter 2 (Phase 1) and Quarter 3 (Phase 2). Study chairs are notified via a letter from CTEP that provides an accrual summary and requests a CAP within 10 business days that describes the reasons for slow accrual and the proposed steps to be taken to improve accrual and achieve the trial's enrollment objectives.
The remainder of this article presents the findings from a mixed-methods content analysis conducted on CAPs requested by CTEP between August 2011 and February 2013. The objectives of the content analysis were to: 1) categorize the reasons given by investigators for slow accrual and their proposed corrective actions; 2) identify potential patterns of accrual across the CAPs (trial duration and monthly accrual rates); and 3) assess the impact of CAP receipt on the attainment of trials' primary scientific objectives. Previous analyses of accrual barriers have predominantly considered late phase trials (16, 20) and pre-activation barriers, but this analysis focuses on early phase trials and considers post-activation barriers to trial completion. Content Analysis. CAPs were qualitative letters from study chair principal investigators (PIs) describing their perceived reasons for the trial's slow accrual and their planned action steps to increase, or correct, the accrual rate. A content analysis design was used to systematically quantify the CAP content into standardized variables (28) using a coding sheet developed after a review of 10 randomly selected CAPs. Three trained coders independently coded the CAPs, with each CAP coded twice (intercoder reliability of 78%); post-coding deliberations among the coders yielded a 100% consensus on any discrepancies.
Primary Scientific Objective. All CAP trials that were permanently closed to accrual at the time of analysis were coded as to whether or not they met their stated primary scientific objectives.
For each, the CTEP lead medical officer reviewed the trial's protocol and final CTEP documentation and reports to assess, retrospectively, whether or not the CAP trial met its primary scientific objective.
Slow Accrual Variables. The final coding sheet had eight high-level category options to comprehensively describe a CAPs reasons for slow accrual; each option had up to eight subcategories to provide a more granular reason. Coders were asked to code to the sub-category level to describe reasons for slow accrual. Trial-Specific Data. For each trial receiving a CAP, the CTEP trial database was used to report its duration (projected trial duration, number of months active before and after a CAP receipt, and total number of months active); and accrual (projected monthly accrual, actual total accrual, and actual monthly accrual rate at time of CAP receipt and post CAP). Duration and accrual rates were adjusted to exclude any time for when a trial may have been temporarily closed to accrual.
Mixed-Methods Analysis.
A triangulation mixed-methods approach (29) was utilized. This involved triangulating qualitative and quantitative data from the CAPS letters, as well as quantitative data regarding the accrual of CAPS trials, so that each data source informed and enhanced understanding of the overall results.
RESULTS
The objectives of the content analysis described in this paper were to categorize the reasons for slow accrual to NCI's early phase clinical trials and proposed corrective actions, Reasons for Slow Accrual. Table 1 summary of the proposed corrective actions, by category and phase of trial. The most commonly listed corrective actions for Phase 1 trials were: amend trial (to change eligibility or design) (55%); add institutions (43%); promote the trial either internally or externally (36%); and make administrative or procedural changes at their institution (29%). Thirteen percent of Phase 1 trials failed to provide a corrective action in their CAP. For Phase 2 trials, adding institutions was the top action step provided (85%), followed by amending the trial (44%); promoting the trial (42%); and making administrative or procedural changes at their institution (26%). Only 2% of Phase 2 trials provided no corrective action in their CAP.
There were 189 separate reasons given for slow accrual for the 135 trials with CAPs.
Forty percent of these separate reasons were well matched by a proposed action in the CAP.
Another 14% of these reasons were addressed by a proposed action that could potentially influence the slow accrual reason, while the remaining 46% were identified as poorly matched by any of the proposed actions in the CAP. Table 3 provides examples of each category of matching, and Figure 1 shows the percent matched for the nine high-level slow accrual reasons.
The best matched reasons were drug supply (83% matched), eligibility (75%) and IRB/site activation concerns (68%). Safety/toxicity (16%) and CTEP administrative reasons (0%) were the most poorly matched of the slow accrual reasons.
Monthly Accrual Rate Change. Trials' monthly accrual rates were compared for the months before and after a CAP receipt. For 74% (n=100) of all trials, the monthly accrual rate increased post-CAP; 47% (n=63) of all trials increasing accrual by at least 0.5 patients per month. For Phase 1 trials, 30% (n=21) showed no improvement in their monthly accrual rate post-CAP; 39% (n=27) increased their monthly accrual rate by less than 0.5 patients; and the remaining 30% Author Manuscript Published OnlineFirst on July 11, 2016; DOI: 10.1158/1078-0432.CCR- showed no improvement post-CAP; 15% (n=10) had an increase of less than 0.5 patients per month; 47% (n=31) had an increase between 0.5 and 3 patients per month, and 17% (n=11) increased more than 3 patients per month post-CAP. 
Percent of Closed Trials
Of the closed Phase 2 trials (N=46), 35% (n=16) had a post-CAP monthly accrual rate increase of less than 0.5 patients; among these, 63% (n=10) were reported as having met their primary scientific objectives. An additional 44% (n=20) of closed Phase 2 trials had a post-CAP monthly increase between 0.5 and 3 patients; among these, 60% (n=12) were reported as having met their primary objectives. Of the closed Phase 2 trials that increased their post-CAP monthly accrual by greater than 3 patients (n=10), all (100%) were reported as having met their primary scientific objectives. extended IRB or site activation delays were an additional challenge. Both Phase 1 and 2 trials reported slow accrual due to institutional or administrative delays at the site level. Though many corrective actions were proposed by investigators to improve accrual, almost half of these actions were poorly aligned with the reasons given for the slow accrual, in part because some of the reasons may have been difficult to address.
Overall, however, implementing the CAPs was associated with improving the accrual rate for about three-quarters of the trials, with just under half of all trials recording an increase of at least 0.5 patients per month. More notably, 24% of all closed trials had an accrual rate increase associated with a greater likelihood of meeting their primary scientific objectives, with only modest increases of 0.5 to 3 patients required for Phase 1 trials, and increases of more than 3 patients required for Phase 2 trials. Thus, the utility of requesting a CAP for slow accruing trials was seen in increased monthly accrual rates for many trials and a greater likelihood of achieving their scientific primary objectives for fewer trials.
A content analysis is a purely descriptive method to measure observed patterns and therefore is subject to increased error due to independent interpretations of the coders. The high inter-coder reliability and two-step process to reach 100% agreement for this study, however, lends support to the quality of this data collection method. An additional strength of this method is that investigators were able to describe the accrual barriers they perceived and propose responses without restrictions. Many of the accrual barriers described in the CAPs (Table 1) were not among those commonly cited by other sources (Box 1), perhaps suggesting that barriers to accrual in early phase trials may be substantively different than the barriers seen in later phase trials, which have been more widely studied.
Research. Our understanding of the qualitative analysis in this study was further enhanced by the incorporation of quantitative data on trial accrual. This study is limited in that comparison data are not available for Phase 1 and 2 trials that did not receive a CAP during this same time frame.
Through recent consolidation of its data collection processes, however, NCI now has the ability to track the performance of non-CAP trials and thus provide comparisons in future years to address this limitation of this study. Also, the determination of whether closed trials had met their primary scientific objectives was performed retrospectively. To ensure accuracy, CTEP's lead medical officers were provided sufficient archived trial documentation and reports on which to make a determination.
Though CAPs were intended to be sent to trials that met less than 50% of their projected accrual rate by their sixth (Phase 1) or ninth month (Phase 2) after activation, the median CAP request was made late in the second year of trials, thereby allowing slow accruing trials to linger longer without a deliberate review of trial challenges and potential corrective actions. Since conducting this research, NCI further tightened the CAP guidelines and enforcement, announcing in March 2015 that both Phase 1 and 2 studies will be reviewed at the six-month period and that any trial receiving a CAP request will be reassessed six months post-CAP. CAP trials will need to increase their projected quarterly accrual rate to at least 75% of their projected accrual or risk receiving another CAP request or be administratively closed due to poor accrual.
In addition, NCI has since created a standardized CAP form for PIs to use when responding to a CAP request (see Supplementary Figure S1 ). The form provides a checklist of slow accrual reasons from which PIs can select, as well as a respective checklist of corrective actions to be taken (including 'other' write-in options if needed). These checklists were developed based on the findings of the described analysis. The CAP program is centered on the need to seek solutions when a trial is already underperforming. To use a health metaphor, CAPs are called in to treat an already sick patient, but strategies to prevent the illness may be more effective. As noted earlier, accrual planning typically involves defining the population of eligible participants but rarely takes other variables into account or describes proactive measures to enhance accrual (10). The CAP analysis is based on whether or not trials are meeting their target accrual rates; perhaps, as mentioned earlier, investigators are overly optimistic during the planning phase of a trial with respect to how many eligible patients they will encounter monthly, and the criteria of how target rates are determined should be re-evaluated.
Unfortunately, PIs and trial sponsors often do not incorporate planning to increase awareness and interest in their trial and identify trial barriers and potential intervening action steps before a trial is activated. Investigators may also be hampered by a lack of evidence-based strategies to increase accrual (30) . However, planning in advance to support trial accrual may reduce the need for later action in the form of a CAP or other mechanism (8, 9) . Recently, the Clinical Trials Transformation Initiative (CTTI), a public-private partnership of more than 60 organizations from across the clinical trial enterprise, released a set of recommendations to guide study teams on how to efficiently and effectively plan for clinical trial recruitment (31) . Attention should also be paid to enhancing accrual for minority and underserved patients who may otherwise be underrepresented, particularly in early phase trials (32, 33) . Although more research is needed to further develop the evidence base for accrual, a number of resources and a curated library of relevant journal articles are available at NCI's AccrualNet website (34, 35) .
Related to the need for advanced planning is the need for PIs to thoughtfully plan their corrective actions in response to a CAP request (36 
to NCI have done so in a thorough, introspective manner, giving a clear picture of the challenges impeding accrual to their trial. That just under half of the actionable slow accrual reasons had a relevant matching corrective action proposed by PIs is probably reflective of the inherent difficulty in addressing some of the reasons. Also, PIs may need additional support (and, possibly, more than the allotted 10 days) in thinking through the potential available solutions. It is likely that both pre-study planning and a CAP program with enforceable consequences are both necessary to improve accrual to the early phase treatment trials conducted by CTEP.
Many of the slow accrual reasons identified in this study require changes at a more systemic level and are out of the control of the PIs overseeing the trials, such as slow responses from IRBs, difficulty opening the trial at other institutions, or access to rare patient populations. As activation, and applying a team approach that involves more support with trial design, should also be addressed. E n v i r o n m e n t a l / e x t e r n a l i s s u e s ( n 
